Thermal Decomposition and Evaporation
Thermal stability of a series of Fomblin Z-type lubricants with different MW and end-groups has been studied. Fig. 2 shows the TGA results of two Zdol samples with low (Mn=2200) and high (Mn=7800) MW. Clearly, the weight-loss of Zdol2200 is not sensitive to purge gas and is a gradual process, which suggests that the weight-loss of low-MW Zdol at elevated temperatures is caused by evaporation. In contrast, Zdol7800 shows a very different behavior. In a nitrogen atmosphere, the weight-loss starts at around 320 °C and is relatively slow up to 390 °C. In air, there is a sudden weightloss around 350 °C, indicating the existence of a fast decomposition process. To further verify the weight-loss mechanism, GPC tests were carried out on the Zdol lubricants heated to various temperatures. The GPC results (shown in Fig.  3.) show that the heating has little effect on high MW portion of Zdol2200. However, there is less low MW Zdol left with the increase of heating temperature. Since evaporation temperature increases with MW, this GPC result supports the idea that the weight-loss of low-MW Zdol at elevated temperatures is due to evaporation. For Zdol7800, When heated to 320 °C, the MW and MW distribution are the same as that of the fresh sample.
An increase of the heating temperature to 350 °C results in a new peak at the higher MW side, which indicates that chemical decomposition has occurred. For the samples heated to 370 °C, there are three new peaks with higher MW and very little lubricant remaining in the original MW range. Clearly, this result is consistent with the TGA result, which shows that the decomposition reactions occur around 350 °C. In conclusion, at elevated temperatures, the weight loss of low MW Zdol is caused by evaporation while high MW Zdol is mainly caused by decomposition.
Lewis-acid Catalyzed Decomposition
The effect of end-groups on the Lewis acid-catalyzed decomposition has also been studied. The TGA results of Z25/YSZ (ZrO 2 stabilized by 8% Y 2 O 3 ) and AM2001/YSZ are shown in Fig. 4 . In these experiments, the mixture was heated for 2 hours at 250 °C. As shown in Fig.  4 , for the neat Z25 lubricant, there is little weight loss at 250 °C for up to two hours. However, addition of 10% YSZ results in a sudden and complete weight loss (100%) after heating for 10 minutes, consistent with previous reports. [4] [5] For AM2001, as also shown in Fig. 4 , the weight loss behavior of the neat lubricant and the mixture of the lubricant and YSZ are almost identical, which suggests that the Lewis-acid catalyzed decomposition does not occur with AM2001 under the test conditions, which could be attributed to the fact that the endgroup of AM2001 is a strong Lewis base. If this hypothesis is true, then the AM2001 lubricants should be able to improve the thermal stability of Z lubricants in the presence of YSZ by preferentially binding to Lewis acid sites on the YSZ as reported before for other Lewis bases. 6 To verify this, we have conducted TGA experiments on a mixture of Z25, YSZ and AM2001. The TGA results (Fig. 5) clearly show that addition of AM2001 stops the Lewis acid-catalyzed decomposition of Z25 under the test conditions. Instead of a complete weight loss after 10 minutes, as observed for the mixture of Z25 and YSZ, there is only a slight weight loss (due to AM2001 evaporation as shown in Fig. 4 ) after two hours when AM2001 is added.
Based on the experimental results, we present a schematic ("bonding model") of how the end-groups affect the reaction of a Z-type lubricant with Lewis acid sites (Fig. 6 ). When there is no nucleophilic end group (Lewis base) attached to the mainchain of the Z-type lubricant, Lewis acids will attack the main chain and cause decomposition. When a strong Lewis base is attached to the main chain, it effectively removes acid sites from further possible reaction with lubricant main chain and thus prevents their decomposition. Fresh Sample 250C 280C
